Objective: Parental and child co-sleeping has been suggested as a risk factor for short sleep duration and poor sleep quality that may lead to overweight. We examined if joining parent's bed during night was associated with child overweight. Methods: Cross-sectional data from the 'Healthy Start' study including 635 2-to 6-year-old Danish children, who were all considered obesity prone. Of these, 496 children had complete information on BMI and whether the child joined parents' bed during night and if so, how frequently. International cut-offs for overweight according to age and gender were applied, and logistic regression was used to estimate odds ratio (OR) and 95% Confidence Intervals (CI). Analyses were adjusted for the child's age and gender, overall family stress, parental educational level, and parental BMI. Results: Children who did not join their parent's bed were more likely to be overweight compared to children who did (OR 1.75 (95% CI 0.99-3.10)). Children who rarely joined their parents' bed had OR 2.74 of being overweight (95% CI 1.01-7.44) compared to children who joined every night. Conclusion: Children who rarely joined parents' bed during night were almost three times more likely to be overweight than those who joined every night.
Introduction
Childhood overweight (including obesity) is a multifactorial trait, which cannot solely be explained by traditional lifestyle factors, such as too much food and too little physical activity [1] . One alternate modifiable factor that has been found to lead to child overweight is sleep. In this regard, two recent meta-analyses have provided evidence that both short sleep duration and poor sleep quality seem associated with overweight in children and adolescents [2, 3] . Poor sleep in toddlers and primary school children can impact child growth, and thereby later risk of obesity, via increased cortisol and decreased melatonin levels [4] . These hormonal changes can influence growth and weight in the young child via interactions with insulin, growth hormones, and appetite-regulating hormones like leptin and ghrelin [4, 5] . It has also been suggested that the association between poor sleep and obesity in young children may be mediated by higher energy intake or lower energy expenditure [6, 7] . Almost 50% of parents report perceived sleep problems in toddlers and young children, including the child not sleeping through the night, delay in achieving sleep, and atypical behavioral wakening. Hence, child sleep seems to provide a modifiable and thus promising target for obesity prevention [8] . When intending to improve sleep duration and quality, for example to prevent obesity, it may be considered straightforward to identify factors that are associated with sleep duration and quality, and then aim at modifying them. One of such modifiable factors is 'co-sleeping'. Co-sleeping is an umbrella term that in general is considered to include room sharing, bed sharing, and everything in between [9, 10] . Co-sleeping between parents and their children is hotly debated, and the literature is often polarized because of challenges in establishing associations between bed sharing and many of the suggested risks or benefits, including the association between bed sharing and Sudden Infant Death Syndrome (SIDS) [10] . In addition to the risk of SIDS, there is evidence to suggest that bed sharing may be associated with adverse outcomes such as short sleep duration and markers of sleep quality such as night-time awakenings and bedtime resistance [10] , while the suggested benefits of bed sharing include better mother-child bonding, maternal emotional benefits, and better neuroaffective responses to stress in adulthood [11] [12] [13] . However, a substantial portion of the existing literature on bed sharing has dealt with the risk of SIDS, leaving fewer studies and less evidence related to outcomes of co-sleeping later in childhood. Based on the existing evidence, it may be hypothesized that, since co-sleeping is a determinant of short sleep duration and poor sleep quality and short sleep duration and poor sleep quality are determinants for overweight, co-sleeping (including bed sharing) may be a determinant of overweight and obesity. To our knowledge, this hypothesis has only been examined in one previous study in Chinese children aged 3-4 years [14] . This study found a tendency that children who co-slept were less likely to be overweight, although this result was not significant [14] . The purpose of our study was therefore to examine whether overweight and obesity in obesityprone Danish children aged 2-6 years was related to whether or not the children joined their parents' bed during night.
Material and Methods

Study Sample
Cross-sectional data derived from the baseline examination of the intervention study 'Healthy Start' ('Sund Start') which was conducted between 2009 and 2011. The intervention aimed at preventing overweight over the subsequent 15 months among Danish children aged 2-6 years, who were classified as predisposed to overweight based on a either being born with a high birth weight (>4,000 g), having a mother who was overweight prior to pregnancy (BMI ≥ 28 kg/m 2 ), or having a mother with low socioeconomic status (educational level ≤ 10 years, subgroup only). Information on birth weight and maternal pre-pregnancy BMI of all children born in 11 municipalities from the greater Copenhagen area between 2004 and 2007 was obtained from the Danish National Birth Register. In a subgroup, information on maternal educational level was obtained from administrative birth forms completed at the time of birth by hospital personnel. After the selection process, children were identified using their Central Person Registration number. Children were subsequently excluded if they had protection from participation in statistical and scientific surveys, had no permanent address, lived in an orphanage, had unknown life status, had emigrated or moved to another municipality than where they were born. All children who were eligible for inclusion were randomized into an intervention group or a control group and invited to participate in the Healthy Start project. A total of 635 children participated in the baseline examination. Data in the present study is from the baseline examination and include 496 children with complete information on BMI and whether the child entered parents' bed during night and if so, how frequently. The methodology and participation flow charts in the Healthy Start study has previously been described in more detail [15] .
Weight Outcomes
Body height to the nearest 0.1 cm was measured with a stature meter (Soehnle 5002 or Charter ch200P). Body weight to the nearest 0.1 kg was measured with a mechanical weight or beam-scale type weight (Tanita BWB-800 or SV-SECA 710). All anthropometric measurements were obtained by trained personnel. BMI was calculated based on the height and weight measurements. The international cut-offs developed by the International Obesity Task Force were used to classify the children into normal-weight or overweight outcome categories, taking age and gender into account [16] . The 'overweight' category also included children who were obese, and the 'normal-weight' category also included children who were underweight.
Parents completed a questionnaire about factors such as meal habits, physical activity, sleep habits, and stress in the family. Except gender and age, all variables described below were obtained from this questionnaire.
Sleep Habits
To obtain information on bed sharing, parents were asked a general question on whether their child joined their bed during night ('yes' or 'no'). The question was phrased (in Danish) to indicate an active decision, contrasting the child already starting the night in the parents' bed.
If a parent answered 'yes', an additional question asked how often the child joined the parents' bed during night ('Less than once a month', '1-3 times per month', '1-3 times per week', '4-6 times per week', 'Every night'). For children joining the parents' bed never or less than once a month, a 'Rarely' category was used in the frequency analyses.
Parents were also asked how they would classify their child's sleep; the response options to this question were 'The child sleeps calmly all night', 'The child sleeps a bit disturbed', 'The child sleeps disturbed with occasional awakenings', and 'The child sleeps disturbed with several awakenings each night'. This variable was included in a separate statistical model as a potential confounder of the effects of bed sharing.
Finally, prior to completing the questionnaire, the parents were asked to complete a 6-day sleep diary on the bedtimes (fell asleep and woke up) during the week. Information from the sleep diary was used to calculate the mean sleep duration (in minutes) over 6 days.
Confounding Variables
Self-reported heights and weights of both parents were obtained, and parental BMI was calculated. Parental highest level of completed education was reported in 9 categories. Of these categories, 8 were recoded into 3 levels; low educational level ('primary and lower secondary school', 'upper secondary', 'one or more short courses (semi-skilled worker courses)', or 'skilled worker'), medium educational level ('shortterm further education (<3 years)', 'medium-term further education (3-4 years)'), and high educational level ('long-term further education (>4 years)', 'research worker level'). Responses in the 9th category were not recoded, as they included types of education, which were not possible to classify according to the originally reported categories (e.g. education completed in foreign countries).
Information on the child's exact age was obtained by subtracting the date of the baseline health examination from the date of birth (obtained from the Danish National Birth register). Information on gender was obtained from the Danish National Birth Register.
The Parenting Stress Index (PSI) is a self-report inventory designed to measure parental experience of stress in the parent-child relation [17] . Ten questions from the Swedish version of PSI were modified and applied to assess the parents' perceptions of the overall stress level in the family. Each question in the PSI was scored between 0 and 2 (with 0 being the best score and 2 being the worst), according to its estimated indication of an overall stress level. Analysis of inter-correlations among the 10 questions and a principal component analysis suggested that 9 of the 10 questions could be added together to get a score for the overall family stress level. This score was further recoded into tertiles.
The Danish version of the Strengths and Difficulties Questionnaire (SDQ) was used as an indicator of the child's overall stress level. The SDQ asks about 25 attributes, some positive and others negative. The SDQ Total Difficulties (SDQ-TD) score was calculated for each child, based on scoring syntax available from the SDQ webpage [18] . Like the PSI score, the total SDQ-TD score was recoded into tertiles.
Statistical Methods
Odds ratios (OR) and 95% confidence intervals (CI) were estimated from logistic regression analyses. The logistic regression analyses were performed in two steps:
The crude model included only the exposure and the outcome with no adjustment for confounding variables, while the adjusted model adjusted for age, gender, parental educational level, PSI score, and parental BMI. Finally, separate models additionally adjusting for SDQ-TD score and for the quality of the child's sleep (calm or disturbed) were analyzed.
All analyses were performed in SAS 9.3, using the Proc Genmod procedure.
Ethics
The Scientific Ethical Committee of the Capital Region in Denmark decided that, according to Section 2.
- (1) Table 1 shows characteristics of children and parents stratified by whether children joined their parents' bed or not. Children who joined their parents' bed had a lower mean BMI and were older than children who did not. In addition, differences in the proportion of normalweight versus overweight children were found, with more overweight children not joining their parents' bed. A chi-square analysis showed a significant association between joining parents' bed and maternal educational level, with relatively fewer children with maternal high educational level among those who joined their parents' bed. An association between parental perception of the child's sleep and bed joining was furthermore observed, with relatively more children with disturbed sleep among those who joined parents' bed. Finally, children who joined parents' bed had significantly shorter average sleep duration as calculated from the 6-days sleep diaries.
Results
Those children who did not join their parents' bed had almost doubled odds of being overweight compared to those children who did (OR 1.73, 95% CI 1.06-2.84) ( table 2 ). This difference remained, but the associations became insignificant in the adjusted model (OR 1.75 (95% CI 0.99-3.10)) ( table 2 ). Furthermore, there was a tendency that the OR of being overweight was lower with increasing frequency of joining parents' bed ( table 3 ) . Indeed, compared to children who joined their parents' bed every night, children who rarely joined were almost three times more likely to be overweight, also after adjusting for confounders (OR 2.74, 95% CI 1.01-7.44) ( table 3 ). There was no interaction between the frequency of joining parents' bed and gender (p = 0.67, data not shown) or age (p = 0.36, data not shown) of the child.
A sensitivity analysis was conducted, adding SDQ-TD score to the adjusted model. In this model the odds for being overweight in relation to joining parents' bed every night compared to never / almost never was strengthened, suggesting that, rather than acting as an intermediate variable potentially explaining why those children who did not join their parents' bed were more obese than children who did, the SDQ-TD score confounded the association and an even stronger odds of overweight was found independently of child's overall stress level (OR 3.68, 95% CI 1.22-11.04, data not shown).
Additional adjustments of model 1 for parental perceptions of whether the child slept calmly or disturbed gave essentially similar estimates, although the results became insignif- 
Discussion
We found that children who joined their parent's bed were leaner than children who did not. We also found that those children who rarely joined their parents' bed had the highest odds of being overweight. The associations did not seem to depend on the children's sleep quality or duration and was independent of behavior problems and child's overall stress level as reflected in analyses that included the SDQ-TD score.
Children's bed sharing with parents could reflect various dynamics; a review from 2011 found that, especially in Caucasian families, bed sharing could be reactions to stressors in the child such as bullying, inter-parental conflict, divorce, or general (in-)stability of the home environment [11, 19] . Stressors in this regard were not limited to family stress but could also include issues such as fear of darkness, recently watching a scary or violent movie, mis-interpretation of an object in darkness as a demon etc. [11] . In addition, separation anxiety as well as factors related to the child's sleep such as nightmares have also been found to predict bed sharing [20, 21] . A recent review, using a narrative synthesis approach, found that breastfeeding, emotional comforting for mother or infant, better/more sleep, monitoring of the child as well as promotion of bonding between mother and infant were among the most commonly cited reasons for parents choosing bed sharing [13] . Because of the diversity in the dynamics reflected by bed sharing, hypotheses about the mechanisms of the link between bed sharing and overweight beforehand are strictly speculative but may be sought after in the suggested benefits of bed sharing that also have been found to be protective against overweight. In addition, disturbed sleep/wake patterns affecting the leptin circadian rhythm has been suggested as a potential mediator, since poor sleep has been found to systematically decrease leptin levels [22, 23] . Recent research has also suggested an association between the stress hormone cortisol and overweight [24] [25] [26] ; in this regard, one prospective study conducted among infants recently found that solitary sleeping in the first month of life was associated with increased cortisol reactivity to mild stressors [27] .
Our results are basically similar to the results of the only previously published study on bed sharing and overweight conducted among Chinese children aged 3-4 years. In addition our results were also statistically significant [14] , which may be attributed to the slightly older age of the children in our study, and/or to the fact that our study participants were all obesity-prone.
Our results add to the present knowledge, suggesting a link between poor sleep and overweight, and may be considered important in relation to future designs of overweight prevention strategies. As described in the introduction, recent reviews have concluded that short sleep duration and poor sleep quality seems associated with childhood overweight and obesity [2, 3] . However, so far only few studies have intervened on child sleep habits in relation to risk of obesity development [28] [29] [30] , leaving rather little experience and inspiration from previous studies when designing a new intervention. A possible way to overcome this would be to examine the upstream factors related to short sleep duration and poor sleep quality, and to assume that a change in these factors may improve both sleep habits and prevent obesity. On the other hand, factors associated with short sleep duration and poor sleep quality such as parental attendance at bedtime and being allowed to enter parents' bed during night [31, 32] may at the same time be indicators of e.g. parental attachment. Indeed, most behavioral interventions designed to improve infant sleep were focused on reducing and withdrawing parental involvement, in order to encourage development of self-regulating abilities, which have raised concerns that child-parent attachments may be compromised [31] . Even though no evidence for such adverse effects has been found hitherto [31] , it may be argued that factors correlating with sleep duration and quality should be intervened on with more caution if they are considered to be related to the parent-child relationship, as compared with factors such as screen time or physical activity level. In this regard, it has been suggested that the association between short sleep duration and overweight cannot be explained by sociodemographic factors or unhealthy dietary factors but is determined by factors in the physical and sociocultural home environment [33] . Hence, additional studies within this area of childhood obesity research are thought to be important.
A few limitations should be noted; our data is cross-sectional, and, hence, we cannot conclude anything about causality. In line with this, we cannot exclude that our results reflect that overweight children are less likely to be allowed to join their parents' bed at night than the normal-weight children, although this is not considered very likely. Another limitation may be that information on whether joining the parents' bed was reactive or planned and on how frequently during the one night the child attempted to join their parents' bed is not available. This information could have enabled a distinction between those children attempting to join the parents' bed and being rejected, those children not attempting to join the parents' bed (and hence not rejected), and those children attempting and being allowed to join their parents' bed, which may have provided valuable information for the interpretation of the results. In addition, information on parent-child attachment (e.g. parenting style) was not obtained but could have been either confounding or mediating our associations and, thus, contributing to possibly explaining some of the mechanism behind our results.
It should of course be noted, that the present group of children were all considered to be predisposed to future overweight and obesity. Therefore, the associations observed in the present study may differ from the results that may be obtained in a general population sample or in a sample selected based on other predisposing factors than those in the present study (e.g. low birth weight, early adiposity rebound). Hence, generalization of these results should be done with caution. Nonetheless, more research looking into the determinants of short sleep duration and poor sleep quality in relation to development of overweight and obesity is needed.
